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MEASURErnNT OF IONoSpHEIERE: TEFPERATURE STARTING FFOM 

THE -.-... .. VIBRATION SPXC!?Rm OF TIiE TRANSITION ---- 
,y 2:' A A 22;' 

~* 

OF TH3 AlO MOLECULE * 

by Bernard Authier,  
Jacques Blamont , 
Guy Carpentier ,  , . 
Michel Herse . 

We have described i n  a preceding Note an experiment con- 

cerned with the  explosion of a charge of 58 kg of  exogenous t o l i t  

a t  170 km a l t i t u d e  at t w i l i g h t  of 24 May 1962 E l l  **. 
Aside from the  th ree  s p e c t r a  obtained with the  a i d  of a 

REOSC spectrograph (Fig. 1 1, which served t o  determine the  tempe- 

r a t u r e  of the  810-cloud' formed [I], r e  took the  following f i v e  

explo i tab le  s p e c t r a  (Fig. 2 )  ona Kodak p l a t e  103 A3 by means of  

a S.GO - spectrograph with g las s  prism (f/0.7 1: 

These f i v e  s p e c t r a ,  as well a s  the  preceding th ree ,  ca l ib ra -  

Spectrum Beginnoof exp. 

5 * ~ * ~ * * . . .  H + 1 m 30 s 

6 ......... 2 30 

7 ......... 3. 30 

8 ......... 4 30 

9 ......... 5 30 

t e d  photometrically with a Barbier wedge and spo t t ed  i n  wavelength, 

End of Exposure 

H + 2 ~ 1 3 0 ~  

3 30 

4 30 

5 30 
6 30 

allow t h e  study o f  the  v ib ra t ion  spectrum of the  t r a n s i t i o n  
y 2,'. .-, "t 

. . .  f ' I  r 
-. of the  molecule A 1 0 .  

I. . I  
. 

I ' % $  
i ' I r 

5 '  * Mesure de l a  temperature de l ' ionosphere a p a r t i r ,  du spec t re  de 
I v ib ra t ion  de l a  t r a n s i t i o n  X + A 2 ~ +  de l a  rnol6cule Al0. 
b C ~ o t e  presentee par M. Jean ~oulombl  ' * 
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Ne r e c o c n i z e  i:~ 7 i q .  2 ,  n e a r  t h e  a tomic  l i n e s  o f  AI %I] 
0 .  

a t  6 696 i and ?Ja 111 n t  5 &yJ A ,  2nd o f  t h e  sequence 3 v  = -- 2 

o f  A ~ O  a t  5 6 'SG IL 0.1 I i k t l e  i n t e n r i t y ,  t l le f o l l o ; l i n , ~  seql-~ences 

appear in ,?  i.7~ b o t h  c nr c t r a  : 

o f  a !riolecule i s  e x c i t e d  by s o l a r .  l i n ; h t r  t h c  luri inous i n t e n s i t y  

or" an  ~ z x c i t e d  band (0' y") , o f  average  f requency  v,,.,,.., i s  expressed S;g 

g ( 3 ' )  is  t h e  r a t e  o f  p o p u l a t i o n  o f  l e v e l s  9"rhQh depends on 

Franck-Condon f a c t o r s  P ( I ~ . S . " , ,  , on t h e  d i s t r i b u t i o n  N ( ' l )  o f  mole- 

c u l e s  i n  t h e  v i b r a t i o n  l e v e l s  o f  t h e  fundamental s t a t e  and on t h e  

e x c i t i n g  s o l a r  r a c i i a t i o n  O,,..,,.,,, , o n l y  cause  o f  e x c i t a t i o n  s i n c e  t h e  

observed c loud  disappears  fr0i.f tlie moment i t  e n t e r s  t h e  3 a r t l 1 ~ 8  

shadow : 

N (v") obeys t h e  Boltzniann l aw,  provided t h e  ave rage  t ime separating 

two f l u o r e s c e n c e  p r o c e s s e s  f o r  one molecule is s u f f i c i e n t  for i t s  

r e a c h i n g  t h e  s t a t e  o f  e q u i l i b r i u m  wi th  t h e  medium. The s t u d y  0 6  

cloud" b r i l l a n c e  and c o n d i t i o n s  o f  A10  format ion  ( which appears 

d u r i n g  t h e  f i r s t  t v o  seconds  f o l l o w i n g  t h e  e x p l o s i o n )  shows t h a t  

t h i s  ave rage  t ime is r a n g i n g  between 2 and 1 0 s e c  (20 t o  206 

i m p a c t s )  which ic s u f f i c i e n t  f o r  r e a c h i n g  t h e  the rmal  e q u i l i b r i u m ,  - - 
I f  t h e  e x c i t e d  s t a t e  A . ~ E *  is  n o t  popu la ted  by a  t r a n s i t i o n  stemming 

frorr a. s u p e r i o r  e l e c t r o n i c  s t a t e  - namely t h e  t r a n s i t i o n  BE . 



o b ~ e r v a b l e  between 7 900 a r 8  5 700 (::1. F!. Goodle t t  15 1 r e f e r e  

t o  i t  as be ing  20 t imes  l e s a  i n t e n s e  than t h e  t r e n e i t i o n  X 2 2 -  --z- A "'"'? """" J P  

and i f ,  on t h e  o t h e r  hand, t h e  molecules have no t i r e  t o  e I ~ ~ ; ~ * e  the 

v i b r a t i o n  l e v e l  i n  t h e  w c i t e d  s t a t e ,  which does n o t  t a k e  p l a c e  i n d e e d ,  
9 

f o r  t h e  l i f e t i m e  of t h e  e x c i t e d  s t a h  (10"' t o  loo7 s e e )  is too 

s h o r t ,  g (J') w i l l  be g iven  by t h e  e q u a t i o n  ( 2 ) .  

Under t h e s e  c o n d i t i o n s  t h e  i n t e n s i t y  r a t i o  o f  two, o r  o f  

one s e t  o f  l i n e s  o f  same r o t a t i o n  index ,  p e r t a i n i n g  t o  two d i f f e r e n t  

bands ,  w i l l  o n l y  depend on t empera tu re ,  

Our s p e c t r o g r a y h s g  se j iara . t ing  power (1.5 P f o r  t h e  REOSC 
W 

and 1 0  A f o r  t h e  SGO) allo!vs t h e  comparison of  on ly  band heads* 

i n t e n s i t y ,  I n  o r d e r  t h a t  such  comparison maire s e n s e ,  i t  i s  necessa ry  

t h a t  t h e  band head "composition" f o r  t h e  same r e s o l u t i o n  be i d e a t i c a x ,  

i. e ,  t h a t  t h e  i n d e x  m,, of  t h e  r e t r o g r e s s i o n  l i n e ,  j u ~ t  as the d i s -  

Ca.nce bv s e p a r a t i n g  t h e  c e n t e r  o f  t h e  band head,  be p r a c t i c a d l y  

c o n s t a n t .  T h i s  concii t ion i s  f u l f i l l e d  f o r  a sequence as t h e  examine- 

t i o n  o f  t h e  F o r t r a t  p a r a b o l a  i n d i c a t e s .  We s h a l l  t h e r e f o r e  coapare 

t h e  band head i n t e n s i t i e s  belonging t o  t h e  same seouence,  The shady 

' o f  t h e  Condon p a r a b o l a  i n  t h e  Deslandres  d i a ~ r a m  i n d i c a t e s  t h a t  the 

sequences  bg= + l  and AJ= -1 a r e  b e s t  adapted f o r  t h a t  compari- 

son .  These sequences bands o f f e r  t h e  advantage o f  n o t  o v e r l a p p i a g ,  

We s h a l l  t h u s  compute t h e  p o p u l a t i o n s  of  ' t he  v i b r a t i o n  levels of the 

fundamental  s t a t e ,  of t h e  e x c i t e d  s t a t e ,  and t h e n  t h e  i n t e n s i t i e s  

of  t h e  f l u o r e s c e n c e  bands of  t h e  sequences  a3 = +1 and Ad-.- - 9 

which we s h a l l  compare vcith t h o s e  cor respond ing  t o  o u r  s p e c t r a ,  

C a l c u l a t i o n  of  Band Read I n & e n s i t i e s  o f  t h e  S 

d $ = + l  and 83=-1 

The p o p u l a t i o n  N (v'" o f  a l e v e l  3 "  of  t h e  fundamental s t a t e  

r a t i o  t o  t h e  l e v e l  . Jn  = 0 of  t h a t  s t a t e  is computed by applying the 

Boltznmnn l a w  : 



where G ( 3 " )  i i ~ .  t h e  end o o i n t  o f  v i b r a t i o n  ene rgy  o f  t:3e l e v e l  d l o e  

The r o p u l c o t i o n ' ~  e (J" r a t e  o f  a leve l .$- f  t h e  eexei"l;cl 

l e v e l  A 2p i s  ~ i v e n  by t1.c e q u a t i o n  ( 2 )  where t h e  Franclc-Gonr'on 

f a c t o r s  p(&**) r y e  'znonn L41, j u s t  a s  i s  t h e  mean e x c i t e r  s o l a r  i n t e n ~ i -  

t y  a(,,,., <-iven by ChLLonpe L51. A g r e a t  nu~vber  o f  l i n e s  c o n t r i b u t e  

t o  t h e  i n t e n s i t y  o f  a band head and t h e  exaroinat ion o f  t h e  HLldl:as 

d v U t r e c h t u ,  j u s t  as t h e  c o i n c i d e n c e  o f  t h e  r l ! s u l t s  o b t a i n e d  w i t h  

o u r  two s p e c t r o g r a p h s  o f  d i f f e r e n t  r e s o l u t i o n s ,  a u t h o r i z e  us ta 

n e g l e c t  t h e  e l f e c t  o f  F r a u n h o f e r  l i n e s ,  

;;e t h e n  may conpu te  t h e  t o t a l  f l u o r e s c e n c e  i n t e n s i t y  of a 

band a f t e r  ( I ) .  By b r i n ~ i n g  t o  1 0 0  t h e  i n t e n s i t y  o f  t h e  bands  1-0 

a.nd 0 -1, we have co;,.guted t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e  d i f f e -  

r e n t  bands o f  t h e  s e q u e n c e s  b.J = + 1 and As, = -1 f o r  v a r i o u s  t e e ,  I:$- 

r a t u r e s  : 
A t + =  4- I .  At.=--  1. 

<,' - (,", 0 .  0 SlW,l i .  ! I  o' - c.". 0 7(1@'li. 800°K; 30WR 

1 - 0 .  . . . . 1 1 1 0  l o o  l ~ ~ l ~  1 0 0  0 -  I . . . I 0 0  1 0 0  I 0 0  100 
., - , n I ..... I ,  S .{;.;,S :S.:) I - ' ! .  . . . . ,i 9 5 0 ,  ,i 5.; ?4 56,b 

.?-.:I ..... . S . o  t o , , {  I : < , ! )  I : I ~ ( ~  :(-.>. . . . . I 16,s 1 9 ~ 7  2 2 . 3  

<--:I. . . . . I ) , ! *  1 1 ,  .-h l l . ! ) S  I . :I!, 

I n  t i l i s  t e r r i~c rc? tu re  r a n g e ,  t h e  sequel ice Air= + 1 o i" ~ r .  I-he 

g r e a t e s t  i n t e n s i t y  v ~ r i a t i o n e  w i t h  t e m p e r a t u r e ;  vre s k a l l  t 11- select 

i t  f o r  o u r  measurements ,  t h e  s equence  d ~ =  - 1 n o t  ?err:-l?;"i;ing to 

check  t h e  metliod. The s t u d i e d  band heads  h a v i n g  t h e  sai-:e caii~:~crsitfon, 

t h e i r  i n t e n s i t y  is a c o n s t a n t  f r a c t i o n  o f  t h e  t o t &  i n t e n s i t y  of the 

b and,  

Measurements.  - The band h e a d s 1  i n t e n s i t y  r a t i o  i and h - 
g i v e s  one t e m p e r a t u r e  ; o u r  s p e c t r a  a l l o w  us  above a l l  t o  compare i 

and g and a l s o  i and f .  We t h u s  have  t h r e e  p o s s i b l e  measure\aenls 

f o r  t h e  same spec t rum.  



The a g y r e ~ a t e  of' our s n e c t r a  y i v e s  2. r-iean t e m p e r r t u r e  a f  

750 4- 1500 K w i t h o u t  s:rsteematic devkcstions o f  i .mpor tn~ice ,  iu?"i@i i o ~  

o f  t h e  s p e c t r o c r s p h  o r  o f  t h e  bnnd heads  com~-mred. The f i r s t  R c r  trwm 

t a k e n  i n  t h e  e x p l o s i o n ,  g ives  a hir?;her t e v a p e r a t i ~ r e  (950' K), The 

s t u d y  o f  t h e  r o t a t i o n  ~ p e c t r u r n  p rov ided  tns w i t h  a r e f u l t  ciuxte c i o s e ,  

T r a n s l a t e d  by APTDRE I,, BHICHuNT 
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